Figure 1. Microfluidic device for capture and isolation of single cells, showing the polydimethyl siloxane (PDMS) valve and channel layers on top of the microfabricated electrode substrate.
in a nonuniform electric field, 11 can be used to capture and trap individual cells with minimal perturbations to the cell. 6, 8, 9 In addition, an electric field can also be used to lyse the cells to release their intracellular components. 6, 12 PDMS is a commonly used silicone rubber in microfluidic applications. 13, 14 PDMS channels and valve patterns are easily customizable, fabricated, and integrated with our fabricated electrodes. We employed a mechanism of PDMS valving that was derived from work by Unger and colleagues. 15 In brief, valve lines are patterned into a PDMS layer above the fluidic lines, which are patterned in a second PDMS layer. When actuated, the valve lines expand down to close off the channels and form compartments. With proper alignment, each electrode 
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bubble is seen that is caused by hydrolysis. (3) Fluorescent image of the same cell as in (1). (4) Fluorescent image of the cell undergoing lysis at 10kHz and 20V pp . (5) Fluorescent image of the same cell as in (2).
capture region is centered within a given compartment. These compartments provide a small volume ( 1nl) in which each cell can be lysed and its intracellular components analyzed in situ.
We have shown that we can capture, compartmentalize, and lyse individual Jurkat cells. We captured cells by DEP at 10MHz and a peak-to-peak voltage of 10V pp using an AC sine function (see Figure 2) . We formed compartments by actuating the valves using a pressure of 10-15psi (pounds per square inch) and subsequently lysed the cells within the compartments by increasing the voltage to 20V pp and reducing the frequency to 10kHz.
In summary, we have developed a device capable of trapping, isolating, and lysing single cells in parallel. The cells are captured by DEP, compartmentalized by a series of PDMS valves, and lysed by applying an electric field. In our future work, we will further improve cell-capture and lysis efficiency and decrease the compartment size. We are also interested in incorporating techniques for on-chip molecular analysis of intracellular components, for example, protein analysis using antibody arrays prefabricated on-chip.
